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INTRODUCTION 
The importance of the technique of electrophoresis to protein chemistry 
has  rapidly grown since Tiselius  (1)  described the method in  1937.  Pro- 
teins, such as ovamucoid (2) and prolan (3), which are not crystalline sub- 
stances,  have  been  shown  to  be highly purified and homogeneous in  the 
Tiselius  apparatus.  On  the  other  hand,  the  fact  that  many  samples  of 
crystalline  pepsin  are  not  homogeneous  has  been  confirmed  by  electro- 
phoresis  measurements  (4).  In  our  studies,  the  Tiselius  technique  has 
been used to determine the homogeneity of preparations of pituitary lacto- 
genic  I hormone, and to determine the isoelectric point of the hormone, which 
has not heretofore been obtained with  sufficient accuracy by the  electro- 
phoretic method. 
EXPEI~  ~n~.NTAL 
Lactogenic  Hormone Preparations 
The lactogenic hormone L 269  was  prepared in  essentially  the  same  manner  as 
previously published (5, 6).  The final product was precipitated out of an aqueous solu- 
tion made slightly alkaline with NaOH, by adding HC1 until the pH approximated 5.5. 
An acetone-dried powder was made from this precipitate.  Preceding an electrophoresis 
experiment, the powder was  dissolved  in  water made slightly acid or alkaline,  and 
dialyzed against  the desired  buffer mixture.  By direct comparison with a  standard 
prolactin powder LP 1 (10 units per mg.) supplied by Drs. Riddle and Bates to the League 
of Nations and kindly sent to us by Dr. A. S. Parkes, L 269 was found to have approxi- 
mately 20 Riddle-Bates units per rag.  L 269 also  caused lactation in normal, virgin, 
post-estrus guinea pigs in a total dose of 4 mg. or less. 
* Aided by grants from the Board of Research of the University of California,  from 
The Rockefeller Foundation, from Parke, Davis and Company, and from the National 
Research Council  Committee on Research in Endocrinology.  Assistance was rendered 
by the Works Progress Administration, Project No. OP 665-08-3-30, Unit A-5. 
1 The term "lactogenic" is employed for convenience for the crop gland stimulating 
hormone. 
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Apparatus 
All parts of the Hellige apparatus employed by us are the same as that described by 
Tiselius (1).  3. diagram indicating the arrangement of the apparatus is shown in Fig. 1. 
The principle of the schlieren method for observations of the boundaries and the con- 
struction of the electrophoresis cell have been described recently by MacInnes (7).  The 
image of the silt S, illuminated by the lamp L condenser C, is projected into the sehlieren 
diaphragm D by the DaUmeyer objective P which is placed as near to the electrophoresis 
cell E as possible.  The camera lens O is focused on the cell and forms a 7/10 size image 
on a frosted glass plate or photographic plate (Eastman Kodak, orthochromatic, 4.5  × 
6 cm.).  The electrophoresis cell and electrode vessels are in a thermostat which is kept 
at 3.0 +  0.2°C. by Linde cooling aggregate type "multifrigor" with automatic cooling 
device.  The water in the thermostat is circulated by means of a i h.p. centrifugal pump 
instead of a mechanical stirrer which generally produces some vibrations in the system. 
An electrical unit, consisting of a center-tapped 3000 volts transformer with two rectify- 
ing tubes, is used for the current supply.  The voltage thus obtained has small fluctua- 
tions and the current is practically constant throughout the experiment. 
SC~L~  IN  INC~h~=~ 
FIG.  I. Arrangement of the  electrophoresis apparatus: L, 1-14 type mercut  T  vapor 
lamp operated with a  special transformer; C, projection condenser; S, horizontal sllt; 
F, Wratten filter No. 77; P, Dallmeyer objective off about 60 cm. with 15 cm. diameter; 
E,  electrophoresis  cell,  and  D,  schlleren  diaphragm;  O,  camera objective  (I :7.7 f- 
45 cm.) ; G, frosted glass plate with millimeter scale or photographic plate. 
Measurements 
For homogeneity studies, 0.5 to 1.0 per cent lactogenic hormone solutions were used. 
Before putting  the protein  solutions into  the electrophoresis  cell,  the  solutions  were 
dialyzed against the buffers for at least 24 hours until there was no difference in the pH 
and conductance between the dialysate and the buffer.  This is particularly important 
because boundary anomalies (8) arise from the differences in specific conductance and 
hydrogen ion concentration between the protein and buffer solutions.  The homogeneity 
of the protein in the course of the electrophoresis was observed carefully by the image 
in the frosted glass plate by adjusting the movable schlieren diaphragm, and recorded 
photographically at intervals. 
The usual Wheatstone bridge type of circuit and a Washburn conductivity cell were 
employed in measuring the specific conductance of the solution at the same temperature 
as that at which the electrophoretic experiments were performed.  A Leeds and North- 
rup type S.P. 929 bridge was used, the resistance of the solution being balanced against 
that of a L. and N. 99,990-ohm, 4-dial resistance box by means of an L. and N. type (c) 
A.C. galvanometer, the deflections being observed through a wide angle lens.  110-volt, 
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A.C. was used in the bridge circuit.  The hydrogen ion concentrations of the protein 
and buffer solutions  were determined with the glass electrode. 
For mobility determinations, two well fitted rubber stoppers were used to reduce the 
free solution area in the electrode tubes so that no hydrostatic displacement occurred 
in the U-tube.  The movement of the boundaries during electrophoresis  was followed 
by recording  the position of the sharp line in the frosted glass plate at intervals.  The 
average displacement of the boundary per second  was multiplied with the reduction 
factor (1.43) in order to give the apparent speed of the boundary. 
The buffer solutions of ionic strength 0.055 used in all experiments were prepared by 
sodium acetate-acetic acid and potassium dihydrogen-phosphate-sodium  monohydrogen 
phosphate mixtures. 
Mobility Calculation 
The mobility (u) is generally calculated by a  simple equation:  u  =  S/F, 
where S  is the apparent speed of the boundary as defined above and F, the 
potential gradient  (9), which is determined by the current  2 i  ampere, cross- 
section of  the  electrophoresis  cell  q  sq.  cm.,  and the specific conductance 
of the  solution X:  F  =  i/qk.  The cross-section of the  electrophoresis cell 
was determined from the  calibration with mercury and found to be 0.810 
sq.  cm.  The  mobility  thus  obtained  has  the  dimension  centimeter  per 
second per volt per centimeter of the order of magnitude  10  -5 . 
RESULTS  AND  DISCUSSION 
The protein concentrations  3 used for homogeneity study were 0.5 and 1.0 
per cent solutions.  The schlieren photographs, taken at 15 minute intervals 
of  a  typical experiment with  0.5  per  cent  solution,  are  shown  in  Fig.  2. 
They showed  one  and  only one  sharp  boundary  throughout  the  electro- 
phoresis  experiments.  Since  Tiselius  (10)  has  shown  that  0.02  per  cent 
protein  solution  can  be  detected  by electrophoresis,  the  single  boundary 
shown  by our  lactogenic preparation  indicates  that  in  all  probability  no 
contaminant  exists  in  greater  amount  than  0.02  per cent.  It  might  also 
be argued that possible contaminants had nearly the same mobility as the 
main component so that resolution into two bands is not permitted. 
These lactogenic hormone solutions were then  diluted  to 0.2  to 0.3  per 
cent  for mobility  studies.  The  potential  gradients  were kept  practically 
constant  in  all  experiments  (ca.  9  volts/cm.).  The results were recorded 
2 The current  is measured  by a millimeter which  is calibrated  against  Leeds and 
Northrup 7560 portable potentiometer standardizing set. 
3 The protein concentration was determined after dialysis.  It was obtained by multi- 
plying the nitrogen content, which  was  determined by micro-Kjeldahl analysis,  with 
the factor 6.33 assuming the lactogenic hormone contains 15.8 per cent nitrogen. 436  ELECTROPHORETIC  STUDY  OF  PITUITARY  LACTOGENIC  HORMONE 
FIG. 2.  A  typical example 
of  schlieren  photographs  of 
the electrophoresis  of pituitary 
lactogenic  hormone.  Expo- 
sures  were made at 15 minute 
intervals. 
ill  Table I.  The plus and minus signs refer to 
the  charge  on  the  protein.  It  will  be  seen  in 
Fig.  3  that  the  isoelectric  point  of  pituitary 
lactogenic  hormone  is  5.70.  This  value  is  in 
accordance  with  our  observations  that  the 
maximum precipitation  of the hormone occurs 
at about pH  5.5.  It should be noted  that the 
du 
value of the  curve is 4.5  ×  10 -5,  which  is 
dpH 
in  agreemen  t  with  the  prediction  of  Tiselius 
(11). 
In  their  recent  report  Shipley,  Stern,  and 
White  (12)  have  determined  the  mobility  of 
their  crystalline  laetogenic  hormone  at  4  hy- 
drogen  ion  concentrations.  It  is  of  interest 
to  note  that  only one  of  their  measurements 
at pH 6.52  (u  =  -3.64  ×  10  -~ cm3/sec./volt) 
checks  closely with  our  value.  The  material 
used for this measurement is  said  by  them  to 
be  denatured  by  storage  at  low  temperature. 
TABLE  I 
Electrophoretic Mobilities of Pituitary Lactogenic Hormone at 3°C. in Acetate and Phosphate 
Buyers of Varying  pH an'J Constant Ionic Strength (0.055) 
Buffer 
Acetate 
Phosphate 
pH 
3.75 
4.00 
4.30 
4.75 
6.50 
i  6.80 
7.00 
7.20 
7.85 
Mobility in cm.~ voltq 
sec-1 X  105 
+8.70 
+7.07 
+6.31 
+5.00 
--3.39 
--5.32 
--5.75 
--6.50 
--  10.00 
du 
Slope of curve at isoelectric  point, ~,  =  4.5  ×  10  -5, isoelectric  point  =  5.70. 
aprl 
The difference in mobility of their undenatured  crystalline and  our  non- 
crystalline  hormone indicates  that the two substances are not identical and 
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granting that our material has been denatured in  the process  of purifica- 
tion, it is remarkable that it does not show biological  deterioration for it 
possesses the highest potency yet attained by us and has at least twice the 
potency found in a crystalline preparation kindly sent us in 1938 by Doctor 
White. 
To  test  whether or  not  the lactogenic hormone can  be  denatured  by 
storage,  two  experiments were  carried  out  as  nearly as  possible  in  the 
manner  described  by  Shipley  d  a2.  ~  No 
difference  whatsoever  was  found  in  the 
mobility and homogeneity of the fresh and 
stored  hormone  solutions.  It  should  be 
mentioned that during  the  dialysis  of  the 
hormone  solution  in  pH  6.5  phosphate 
buffer,  no  turbidity  or  precipitation  was 
observed  in  the  dialysate.  This  is  very 
important  because  a  possible  contaminant 
in any lactogenic preparations is the adreno- 
tropic hormone which shows maximum pre- 
cipitation  at  about pH 6.5.  Furthermore, 
the  solutions  which were dialyzed between 
pH 4 and 5 became turbid, yet this did not 
interfere with  the  optical  observations in 
electrophoresis experiments. 
The crop gland stimulating action of the 
hormone,  which  was  used  over  a  10  day 
period  in  four electrophoresis experiments, 
was recovered by acetone precipitation and 
tested again biologically.  No change from 
its original potency was detected. 
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FIa.  3. Mobility  of pituitary 
lactogenic  hormone  at  different 
pH's (temperature 3°C.). 
SUMM~,RY 
The  Tiselius  technique of electrophoresis has  been  used  to  study the 
homogeneity and  mobility of pituitary lactogenic hormone.  The  facto- 
genie preparation employed by us shows only one sharp band in schlieren 
photographs,  indicating a  high degree of homogeneity.  From the deter- 
4  It is very difficult to determine from the paper of Shipley, Stern, and White what 
concentration of the protein solution is mixed with 1.5 cc. 0.5 N KOH solution.  We 
added 1.5 cc. 0.5 N KOH into 10 cc. 0.3 per cent protein solution which had been frozen 
at - 18°C. for 2 days.  We let the solution stand at room temperature for a few minutes 
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mination of the mobility of the hormone at different hydrogen ion concen- 
trations in acetate and phosphate buffer of ionic strength 0.055,  the iso- 
du 
electric point was found to be 5.70 and the d~  value 4.5  X  10  -6. 
The difference in the mobility reported for White's crystalline preparation 
and that found with our high potency lactogenic preparation is discussed. 
BIBLIOGRAPHY 
1. Tiselius, A., Tr. Faraday Soc., 1937, 33, 524. 
2.  Hesselvik,  L., Z. phys. Chem., 1938, 254,  144. 
3.  Gurin, S., Bachman, C., and Wilson, D. W., J. Am. Chem. Soc., 1939, 61, 2251. 
4.  Tiselius, A., Henchen, G. E., and Svenson, H.,Biochem.  J., London, 1938, 32, 1814. 
5. Lyons, W. R., Proc. Soc. Exp. Biol. and Med., 1937, 35, 645. 
6. Lyons, W. R., The preparation and assay of mammotropin, in Cold Spring Harbor 
symposia  on  quantitative biology, Cold Spring Harbor, Long Island Biological 
Association,  1937, 5, 198. 
7.  (a)  MacInnes,  D.  A.,  The principles of electrochemistry, New York,  Reinhold 
Publishing Corporation, 1939, p. 428. 
(b)  Longsworth, L. G., and MacInnes, D. A., Chem. Rev., 1939, 24, 271. 
8.  Tiselius, A., Nova Acta Reg. Soc. Scient. Upsaliensis, series IV, 7, 27, 1930.  Cf. ref. 
7 (b), p. 286. 
9.  Tiselius, A., see reference 8, p. 15. 
10.  Tiselius, A., Biochem. J., London, 1937, 31, 1464. 
11.  Tiselius, A., see reference 8, p. 79. 
12.  Shipley, R. A., Stern, K. G., and White, A., J. Exp. Mecl., 1939, 69, 785. 